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Selecting a Calcium Channel-Blocking Agent
SUMMARY
The three currently available channel-blocking
agents, nifedipine (Adalat), diltiazem
(Cardiazem), and verapamil (Isoptin), are all
useful in treating a number of cardiovascular
disorders, especially ischemic heart disease.
Although they have a common mechanism of
action, their cardiovascular effects and
pharmacological properties differ
considerably. Each drug, consequently, has
specific clinical indications; these drugs are not
easily interchangeable. Understanding their
properties and effects allows the physician to
choose the particular drug most suited to the
patient's needs. (Can Fam Physician 1987;
33:1019-1023.)

RESUME
Il existe actuellement sur le marche trois bloqueurs
des canaux calciques, la nif6dipine (Adalat), le
diltiazem (Cardiazem) et le verapamil (Isoptin) qui
sont utiles dans le traitement d'un certain nombre de
maladies cardiovasculaires, plus particulierement
dans la cardiopathie isch6mique. Bien que leur
mecanisme d'action soit semblable, leurs effets
cardiovasculaires et leurs proprietes
pharmacologiques different considhrablement.
Consequemment, chaque medicament comporte des
indications cliniques specifiques; ces medicaments
ne sont pas facilement interchangeables. La
comprehension de leurs propriet6s et de leurs effets
permettra au medecin de choisir le medicament qui
convient le mieux aux besoins de son patient.
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T HE THREE currently available
channel blocking agents, nifedi-

pine (Adalat), diltiazem (Cardiazem),
and verapamil (Isoptin), are all useful
in treating a number of cardiovascular
disorders, especially ischaemic heart
disease. While all three agents have a
common mechanism of action, their
cardiovascular effects and pharmaco-
logical properties differ considerably.

Mechanism of Action
and Cardiovascular Effects
Calcium channel blockers work by

inhibiting Ca"+ movement across the
cell membrane during depolarization
in smooth and cardiac muscle. This ac-

tion blocks muscle contraction and re-
sults in decreased myocardial contrac-
tility and decreased smooth muscle
cell tone (vasodilation).1 Generation
and conduction of impulses in the sin-
oatrial (SA) and atrioventricular (AV)
nodes of the heart depend on the
movement of ca++ through membrane
channels. Calcium channel blockers
therefore slow conduction and can in-
hibit impulse formation. Each calcium
blocker creates a balance of these three
properties and reflex effects.

Nifedipine is an extremely potent
vasodilator; it is much more powerful
than diltiazem or verapamil.2 The va-
sodilation it produces elicits a strong
reflex sympathetic response which
completely overwhelms its effect on
cardiac conduction and contractility.
Nifedipine, therefore, has no effect on
arrhythmias; the increased sympathetic
tone that its use produces may result in
increased heart rate.3

Verapamil, in contrast, has a much
stronger effect on cardiac conduction
than it has on vasodilation. When
verapamil is given in clinical doses, its
reflex sympathetic effects do not over-

come its tendency to slow cardiac con-
duction and decrease myocardial func-
tion.4 The net result is decreased heart
rate and myocardial contractility.
Verapamil can therefore be used as an
antiarrhythmic agent that has no major
effects on blood pressure.5

Diltiazem falls between nifedipine
and verapamil. It has less direct effect
on AV conduction than has verapamil,
but it is a relatively weak peripheral
vasodilator, and so its net effect is to
cause slowing of the heart rate. It has
little, if any, effect on cardiac contrac-
tility, but it is as potent a coronary va-
sodilator as verapamil.

Phannacology
and Drug Interactions

Calcium channel blockers will often
be prescribed for patients already on
one or more cardiac drugs. Several in-
teractions will alter or determine their
choice or administration.

Nifedipine and verapamil both re-
sult in increased digoxin levels when
given to a patient receiving digoxin,
probably as a result of decreased renal
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excretion.6 It is particularly important
for the physician to consider this effect
as it relates to verapamil, since both
verapamil and digoxin prolong AV
conduction. A patient given verapamil
who subsequently became digoxin
toxic could suffer severe bradycardia
or high-grade AV block.

Diltiazem does not produce as con-
sistent an effect on serum digoxin
levels as do the other calcium channel
blockers, but it may have an additive
effect in prolonging AV conduction.
Hence it, too, must be used with cau-
tion in patients receiving digoxin.
Generally speaking, maintenance
doses of digoxin should be decreased
by 50% when verapamil or nifedipine
is added. As a minimum precaution,
serum digoxin levels should be moni-
tored frequently.

Calcium channel blockers are often
prescribed for patients with chronic
stable angina who are refractory to ni-
trates and beta blockers. Calcium
channel blockers and beta blockers can
be combined safely and with good
therapeutic outcome, but not in all pa-
tients. Because both beta blockers and
verapamil exert negative inotropic,
chronotropic and dromotropic effects,
these drugs generally should not be
used in combination, especially in pa-
tients with depressed left ventricular
function or abnormalities of impulse
generation or conduction. Congestive
heart failure, bradycardia or hypoten-
sion might result. '

If these two classes of drugs are
used together, nifedipine appears to be
the safest choice among the calcium
channel blockers. It has less dele-
terious effect on myocardial contracti-
lity or cardiac conduction than does
verapamil or diltiazem. Although ad-
verse reactions attributable to the com-
bination are uncommon, hypotension
and exacerbation of congestive failure
have been reported.8 In patients pre-
scribed a combination of beta blockers
with diltiazem, AV block and heart
failure occur rarely and sinus brady-
cardia infrequently.I

Combining these drugs is probably
safe if there is no evidence of left ven-
tricular dysfunction (that is, if there
are no findings on history or physical
examination suggestive of congestive
failure or ejection fraction known to be
greater than 30%), if the dose of beta
blocker is relatively low, and if the pa-
tient is followed closely."'"

Intravenous verapamil is contraindi-
cated in patients on beta blockers be-
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cause of problems with excessive pro-
longation of AV conduction, which
might cause bradycardia or asystole.
With oral administration adverse reac-
tions are largely hemodynamic rather
than electrophysiologic.

Precautions and
Contraindications

Diltiazem and verapamil, because
of their effect on AV conduction, are
contraindicated in patients with sick
sinus syndrome, AV block greater than
first degree, or digoxin toxicity.

Generally, verapamil should be
avoided in patients being treated with
type-1 antiarrhythmics, especially dis-
opyramide, because the combined
negative inotropic effect may give rise
to congestive heart failure. Verapamil
has extensive first pass hepatic metab-
olism, and so patients with hepatic
dysfunction or on other medication
that affects hepatic blood flow (e.g.,
cimetidine) may require reduced
doses. I '

Nifedipine is contraindicated in pa-
tients with hypotension or digitalis
toxicity, in the latter case because it
will diminish digoxin excretion. All
three drugs should be avoided in pa-
tients with congestive failure. Nifedi-
pine has been used as an afterload-
reducing agent in some patients with
congestive failure; although it has min-
imal negative inotropic effect in small
doses, safer alternatives are generally
available.

Adverse Effects and
Dosage Recommendations
Adverse effects of oral and intra-

venous verapamil occur in approxi-
mately 10% of patients.5 Side-effects
occurring with parenteral administra-
tion derive from the drug's action on
the myocardial conduction system,
ventricular pump function and periph-
eral vascular tissue. A slight fall in ar-
terial pressure commonly occurs with
therapeutic doses of the drug, but se-
vere or troublesome hypotension is
rare. Electrophysiologic toxicity (SA or
AV node suppression) will usually be
seen before significant myocardial de-
pression unless ventricular function is
markedly abnormal. Serious side-ef-
fects of intravenous verapamil, such as
hypotension, bradycardia and even
asystole, have been seen, but usually
in patients receiving concomitant beta
blockade or in patients with severe hy-
pertrophic cardiomyopathy.'

Oral verapamil is well tolerated,
producing a fairly low prevalence of
gastrointestinal intolerance and consti-
pation, vertigo, headache and nervous-
ness. Many of these side-effects sub-
side with continued therapy.5 Late
adverse effects include ankle edema
not associated with congestive heart
failure, constipation and postural hy-
potension.
The usual starting dose of oral vera-

pamil is 80 mg three to four times
daily with titration over several days to
a maximum of 480 mg per day.
The most common side-effect of ni-

fedipine is headache, which occurs in
approximately 6% of patients.'2 Other
common side-effects are caused pri-
marily by the drug's vasodilator prop-
erties; they include feelings of
warmth, flushing, dizziness, palpita-
tions and hypotension. Nausea and vo-
miting occur occasionally. Pedal
edema unrealted to congestive heart
failure is a common late adverse ef-
fect. Adverse effects occur in about
15%-17% of patients.
The usual starting dose of nifedipine

is 10 mg given three or four times
daily. The dose may be increased, de-
pending on clinical response, to a
maximum recommended dose of
120 mg daily.

Diltiazem is very well tolerated,
though conduction abnormalities, va-
sodilation and hypotension can occur.
Drug rash, dizziness, flushing, head-
ache and gastrointestinal upset have
been reported in some patients. Diltia-
zem does not produce constipation and
rarely exacerbates congestive heart
failure. It has been suggested that side-
effects are less frequent with diltiazem
than with other calcium channel-
blocking agents because diltiazem may
cause relatively less peripheral vasodi-
lation for the same degree of coronary
vasodilation and may therefore pro-
duce less autonomic activation.'3
The usual starting dose of diltiazem

is 30 mg four times daily. This dose is
rapidly increased to 60 mg four times
daily if the drug is well tolerated. The
maximum recommended dose is
360 mg daily.

Clinical Applications
of Calcium
Channel-Blocking Agents
Variant angina

Variant, or Prinzmetal's, angina is
the syndrome in which patients have
chest pain at rest, associated with re-
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versible S-T segment elevation. Coron-
ary artery spasm is associated with this
syndrome, which may be present with
or without organic obstructive le-
sions. 14 Transient impairment of
coronary blood flow secondary to
spasm is the most common cause of
spontaneous, postprandial, nocturnal
and cold-induced angina."5 Typical
angina that occurs early in the morning
or when the patient is at rest is also
suggestive of spasm.
The exact cause of coronary spasm

is unknown; vascular, neurohumeral
and platelet factors may all contribute.
The final common pathway may be via
increased intracellular calcium which
is responsible for contraction and tone
of vascular smooth muscle.16 The
probable mechanism by which calcium
channel-blocking agents work in
variant angina is the decrease of the in-
appropriately stimulated tone of arte-
rial smooth muscle during coronary
vasospasm. l 4

Verapamil, nifedipine and diltiazem
are all effective in treatment of coron-
ary spasm. These drugs reduce the fre-
quency of anginal attacks, the amount
of nitroglycerin consumed, the number
of symptomatic and asymptomatic ST-
segment elevations, and the number of
hospitalizations.16 Not only are attacks
of angina at rest abolished or markedly
reduced in frequency, but the life-
threatening episodes of ventricular ta-
chyarrhythmias that often accompany
the episodes of spasm are often elimin-
ated, presumably through amelioration
of the ischemia responsible for the
electrical instability.17
Most of the studies showing the effi-

cacy of calcium channel blockers in
variant angina were not controlled, but
the results are nonetheless impressive,
since many of the patients were resis-
tant to other forms of treatment. In 20
studies of 561 patients who received
one of these drugs, 68% of patients
gained complete control of clinical
manifestations of the disease, and a
further 22% showed improvement of
greater than 50%. Only 10% were
non-responders. Clinical results ap-
pear slightly better with nifedipine and
diltiazem: 73% of patients studied be-
came completely asymptomatic. 16

There are few studies that directly
compared the efficacy of the various
calcium channel blockers in the treat-
ment of variant angina, but there is
some suggestion that verapamil is the
least effective drug, possibly because
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it is the least potent for inducing relax-
ation of coronary vasculature.

Nitrates provide effective treatment
for variant angina, but calcium chan-
nel blockers may be effective when ni-
trates are not.'4 Combination therapy
with these two classes of drugs seems
to be more effective than use of either
agent alone.18 Calcium channel
blockers are probably the drugs of
choice for variant angina, and they are
certainly indicated if long-acting ni-
trates fail to control symptoms.

Chronic stable angina
There is a large body of evidence to

show that calcium channel blockers
are as effective as long-acting nitrates
and beta blockers in treatment of clas-
sic, stable, effort-induced angina ac-
companied by exercise-induced ST-
segment depression that is associated
with obstructive coronary artery dis-
ease.
The imbalance between myocardial

oxygen supply and demand, which is
responsible for ischemia in stable an-
gina, can be relieved by increasing
supply, reducing demand, or both.
There is evidence supporting both
modes of action in treatment of stable
angina.2 By decreasing peripheral va-
scular resistance or afterload (with all
agents) and decreasing myocardial
contractility and heart rate (with vera-
pamil and diltiazem), the agents de-
crease myocardial oxygen consump-
tion. Since inappropriate coronary
vasoconstriction may contribute to the
production of myocardial ischemia in
patients with classic angina pectoris,
coronary arterial vasodilation is an-
other mechanism by which calcium
channel blockers may be effective in
treatment of stable angina.
There are few comparisons of the

various calcium channel-blocking
agents in patients with stable angina,
and the relative effectiveness of these
agents in this setting is likely to remain
an area of controversy.
A composite analysis of 190 pa-

tients treated with nifedipine from
eight double-blind placebo-controlled
studies indicates that, although use of
this drug reduces exertional angina in
most patients, anginal symptoms may
increase in up to M1% of patients. The
reflex increase in myocardial contrac-
tility or heart rate, or both, secondary
to excessive reduction in afterload,
may be responsible for the imblance
between oxygen supply and demand.

Alternatively, collateral coronary flow
may be redistributed, giving rise to
coronary steal.'9 Nifedipine is the
safest choice among the calcium chan-
nel blockers for combination with beta
blockers, and optimal treatment with
nifedipine in patients with effort an-
gina appears to require treatment with
a beta blocker to avoid a paradoxical
exacerbation of angina. It has also
been shown that nifedipine, along with
verapamil and diltiazem, has addi-
tional therapeutic effects when used
with propranolol for patients with
chronic stable angina.

In the medical management of all
patients with stable angina, sublingual
nitroglycerin is used to treat episodes
of angina or to prevent angina in situa-
tions known to precipitate it. A long-
acting nitrate is generally the next step
in therapy. If pain relief is incomplete,
a beta blocker or calcium channel
blocker is added. When treatment of
stable angina with beta blockers is
relatively contraindicated (e.g., in pa-
tients with peripheral vascular disease,
congestive heart failure, asthma, ob-
structive airways disease, SA- or AV-
node disease, or in patients known to
have adverse central nervous system
effects from beta blockers), a calcium
channel blocker is the drug of choice.

For patients with obstructive air-
ways disease, peripheral vascular dis-
ease or diabetes, diltiazem or verapa-
mil should be added if treatment with
nitrates alone is unsatisfactory. For pa-
tients with SA- or AV- block, nifedipine
would be the calcium channel blocker
of choice. For those with diabetes or
intermittent claudication in whom ni-
trates and a calcium channel blocker
were ineffective, a beta blocker could
be added, with caution, in an attempt
to avoid surgical intervention. For pa-
tients with severe obstructive airways
disease or SA- or AV-node disease
whose angina is not controlled with
dual therapy, the risks of beta block-
ade may outweigh the risks of a re-
vascularization procedure, and referral
for coronary arteriography should be
considered.
For patients with congestive heart

failure and angina not controlled by ni-
trates, nifedipine may be tried in low
doses, since the dose of nifedipine that
causes vasodilation and afterload re-
duction is less than that which de-
presses the m1ocardium-4 These pa-
tients must be monitored very
carefully. Failure of nifedipine to pro-
duce improvement in anginal symp-
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toms would constitute an indication to
consider angiography.

Patients with angina and hyperten-
sion are best treated with beta blockers
if nitrates are insufficient. Nifedipine
would be added next. If hypertension
and angina both remain uncontrolled,
therapy involving vasodilator or angio-
tension-converting enzyme inhibitor
should be tried before assessment for a
revascularization procedure.

For patients with angina that is se-
vere enough to require therapy with
more than a single drug, but without
specific contraindication to any antian-
ginal agent, the combination of a beta
blocker with nifedipine is appropriate.
An alternative treatment is the combi-
nation of verapamil with a long-acting
nitrate. Both verapamil and beta
blockers produce negative inotropic
effects and depress automaticity, while
both nifedipine and nitrates are potent
vasodilators; these drug combinations,
therefore, may potentiate adverse ef-
fects.
The reported incidence of side-ef-

fects with use of diltiazem has been
very low. This suggests that this drug
might be considered as monotherapy
in many patients with angina who are
intolerant of other drugs.2

Unstable angina pectoris
Patients with rest angina may have a

wide spectrum of disorders ranging
from variant angina with ST-segment
elevation associated with relatively
normal coronary arteries to unstable
angina with ST-segment depression or
elevation associated with multivessel
coronary artery disease.10 In either
case coronary spasm, possibly su-
perimposed on atherosclerosis, is an
important mechanism, and calcium
channel blockers might therefore be
expected to constitute effective treat-
ment.20

Patients are usually hospitalized,
monitored and given medications in-
travenously. Nitrates are given ini-
tially and may be followed by calcium
channel blockers, all of which have
been shown to be effective, even for
patients with continued clinical insta-
bility, despite the use of nitrates and
beta blockers. Beta blockers are used,
but may cause coronary spasm through
unopposed alpha adrenergic stimula-
tion of the coronary vessels.

Studies of the long-term effective-
ness of calcium channel blockers in
patients with unstable angina indicate
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that the drugs appear to reduce the
number of patients who require by-
pass surgery for relief of angina, but
do not appear to alter the frequency of
myocardial infarction or sudden
death.21

Arrhythmias
Paroxysmal supraventricular tachy-
cardia. Verapamil has become the
treatment of choice in re-entrant supra-
ventricular tachycardia.22 Nifedipine
and diltiazem have not been used ther-
apeutically.23 Verapamil is effective in
treatment of paroxysmal supraventri-
cular tachycardia because it prolongs
AV-nodal conduction and increases the
AV-nodal refractory period.'3
For termination of atrial arrhythmias

the most commonly used dose of vera-
pamil is an injection of 5-io mg (or
0.15 mg/kg) over a 60-second period,
with ECG and blood-pressure monitor-
ing.5 If the injection does not termi-
nate the arrhythmias or cause un-
toward effects, a similar dose to a
maximum of 15 mg, may be adminis-
tered 30 minutes later.

Approximately 80% of cases will
convert to sinus rhythm, and 10% will
have a decrease in rapid ventricular
rate. An oral maintenance dose of
120 mg three times daily will help to
prevent recurrences, but is no more ef-
ficacious than other prophylactic
agents. 1i3

Atrial Fibrillation. For patients with
atrial fibrillation verapamil has been
shown to be effective in controlling the
ventricular response quickly and
safely.24 In a few patients it has suc-
ceeded in restoring sinus rhythm. In-
travenous administration is generally
carried out as described for paroxys-
mal supraventricular tachycardia. The
dose required may vary with the hemo-
dynamic state of the patient.23 In-
creased sympathetic tone, as seen in
congestive failure, may reduce the
slowing of ventricular rate.

Oral verapamil by itself or with di-
goxin, may help to control atrial fibril-
lation when the ventricular response is
poorly controlled by conventional
means, when the ventricular rate
escapes with exercise, or when other
commonly used medications may be
contraindicated.25 Oral verapamil is
not effective in preventing recurrent
episodes of atrial fibrillation.

Atrial Flutter. Verapamil is rarely
effective in the conversion of atrial

flutter to sinus rhythm, but is generally
effective in control of ventricular re-
sponse through its negative dromotro-
pic effect. Oral verapamil is not effec-
tive in preventing recurrent episodes of
atrial flutter, but may be a useful sup-
plement to digitalis for controlling a
rapid ventricular rate in patients with
this arrhythmia. ' 3

Wolff-Parkinson- White Syndrome.
Caution must be advised in the use of
all drugs that depress AV nodal con-
duction in- wPw syndrome. By pro-
longing AV nodal conduction in the
presence of supraventricular tachycar-
dia, verapamil may increase antero-
grade conduction over the accessory
pathway, raising ventricular rate.' 3
Rapid AV conduction can cause degen-
eration of atrial fibrillation or flutter
into ventricular fibrillation and sudden
death.22

Ventricular A rrhythmias. Calcium
channel blockers are not effective in
treating ventricular arrhythmias except
when these arrhythmias occur in the
context of coronary vasospasm with
resultant myocardial ischemia. In this
setting relief of ischemia through dimi-
nution of spasm may reduce the arr-
hythmia.

Hypertension
Available data suggest that nifedi-

pine is effective in the therapy of
chronic arterial hypertension. A regi-
men of 10 mg of nifedipine three or
four times daily produces a mild to
moderate decrease in arterial pres-
sure.' Reflex-mediated increase in
heart rate and plasma-renin activity
seen with nifedipine are abolished by
propranolol, which may also prolong
nifedipine's antihypertensive action.2'
Nifedipine may be of particular value
in patients with hypertension who also
have angina or congestive heart fail-
ure. There is evidence to suggest that
nifedipine 20 mg twice daily consti-
tutes an effective antihypertensive reg-
imen.28 Widespread use of nifedipine
in the treatment of hypertension awaits
the development of a once-daily pre-
paration.

The most obvious value of nifedi-
pine therapy for hypertension has been
seen in patients with hypertensive
crisis. Sublingual administration of
10-20 mg results in an average de-
cline in diastolic blood pressure of
20%. Nifedipine may be particularly
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useful for treating hypertensive crisis
when facilities for intensive hemody-
namic monitoring are not available.9

Other uses of calcium
channel-blocking agents

Calcium channel blockers are being
investigated and used for many condi-
tions, often involving excessive or ab-
normal vascular tone. Nifedipine has
been tried, with limited success, in pa-
tients with primary pulmonary hyper-
tension who generally do not respond
well to any therapy. Verapamil is a
useful supplement to beta blockers in
treatment of hypertrophic cardiomyo-
pathy, particularly in those patients
who are not viewed as good surgical
candidates. Nifedipine has been used
as an afterload-reducing agent in treat-
ment of congestive heart failure. It is
probably most appropriate when ische-
mia, especially that secondary to vaso-
spasm, contributes to failure. In
chronic situations it has few advan-
tages over more traditional vasodila-
tors.
Calcium channel blockers have been

studied as agents to limit myocardial
damage during acute myocardial in-
farction and to decrease reinfarction
rates. To date these investigations
have not established any function for
calcium channel blockers in these set-
tings.
Calcium channel blockers are effec-

tive in treating Raynaud's phenomena.
Nifedipine and diltiazem are both
widely used for this purpose.

Nifedipine provides highly effective
therapy for diffuse esophageal spasm
and achalasia. It is also used for mi-
graine headache prophylaxis, espe-
cially when agents such as propranolol
and amitriptylene have proved ineffec-
tive. It is not helpful, however, in
treatment of acute migraine episodes.
Nifedipine has also been used in the
setting of subarachnoid hemorrhage to
prevent cerebral vasospasm.

Conclusions
Calcium channel blockers have a

major part in the treatment of ischemic
heart disease and supraventricular ar-
rhythmias. They will soon be ap-
proved for the treatment of hyperten-
sion. Because these drugs are widely
used and have distinct individual prop-

erties, the physician must be familiar
with each of them in order to optimize
therapy.
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